The mercury and selenium contents of fresh seafood were determined, respectively, by means of cold vapor atomic absorption spectroscopy (CVAAS) and hydride-generation atomic absorption spectrometry (HGAAS). All the values obtained were lower than the European Union's legal limit of 0.5 mg/kg fresh food, rising to 1.0 mg/kg for the edible parts of some listed species; in "sh they vary between 0.057 mg/kg in sole and 0.579 mg/kg in sword"sh (included in the category of large "sh, for which the legal limit is 1 mg/kg). The levels of selenium vary between 0.073 mg/kg in perch and 0.743 mg/kg in tuna. In shell"sh the mercury content varies between 0.023 mg/kg in moscardino and 0.150 mg/kg in Mediterranean shrimp, while that of selenium varies between 0.067 mg/kg in spiny lobster and 0.605 mg/kg in mussels. A signi"cant di!erence was found between "sh and shell"sh for mercury, but not for selenium. A large excess of selenium in relation to mercury was observed (the mean molar ratio of Hg/Se is 0.23 for "sh and 0.09 for shell"sh), but no signi"cant correlation was found between the two elements.
INTRODUCTION
The principal source of trace elements for humans is diet. Nutrition plays a fundamental role in ensuring the correct intake of essential elements but nutrition also exposes to toxicological doses. Some special nutrients can prevent or decrease exposure to toxic metals. Trace metals perform their biological function correctly when their tissue concentrations are within well-de"ned limits; there are sundry regulatory mechanisms.
Mercury, a very toxic metal, is present at trace levels in living organisms in both inorganic and organic forms. Its toxic e!ects have been highlighted by some cases of collective poisoning in people who consumed a lot of "sh (Zook et al., 1976) . It is generally accepted that seafood represents one of the major sources of mercury in the human food chain. Marine organisms are able to accumulate this metal and its most toxic organic compounds by "ltering their food from sea water. Accordingly, the provisional tolerable weekly intake (PTWI 0.005 mg/kg b.w.) established by the Joint FAO (Food and Agricultural Organization)/WHO (World Health Organization) Committee (WHO, 1993) has led to regulatory guidelines for the mercury concentrations allowed in seafood being established in several countries. European Commission Decision 93/351 sets the maximum limit for mercury in seafood at 0.5 mg/kg for fresh food, increasing to 1.0 mg/kg for the edible parts of some listed species which, for physiological reasons, concentrate mercury more easily in their tissues (EEC, 1993) .
Selenium is an essential trace element for humans, as obvious from its biochemical role as part of the active site in selenoproteins, such as glutathione peroxidase. The in#uence of dietary selenium upon the activity of glutathione peroxidase is evident, and minimum selenium requirements have been "xed: the selenium requirement of adults is calculated to be 70 and 55 g/day for males and females, respectively (RDA, 1989) . However, it should be borne in mind that selenium plays an ambivalent role in relation to its concentration, high amounts possibly having toxic e!ects.
Seafood, which is very important in the human diet all over the world, represents a main source of protein, but it can accumulate mineral ions, including those that are potentially toxic. Elements like mercury and selenium, which are present in sea water as natural resources but unfortunately also as a result of pollution, are assimilated by marine organisms, particularly by the "lter-feeders such as shell"sh, which accumulate metals in their viscera from the marine environment. Predatory "sh higher up the food chain can also accumulate these substances.
Selenium protects the organism against organic and inorganic mercury thanks to the metabolic interaction between the two elements (Seppanen et al., 1998; Goyer, 1997) , which is therefore a process of great importance.
The aim of this study was therefore to determine the mercury and selenium contents of selected samples of "sh and shell"sh.
Mercury and selenium in foods have mostly been determined at the trace level using spectrophotometric techniques (ETAAS, HGAAS, CVAAS) (Tinggi, 1999; Adeloju et al., 1994) , which are preferred because of their low detection limits. In this study, mercury and selenium were determined, respectively, by means of cold vapor atomic absorption spectroscopy (CVAAS) and hydride-generation atomic absorption spectroscopy (HGAAS). These analytical techniques require that the samples be "rst digested, and, in order to achieve mineralization without loss of metal. Most mercury compounds being highly volatile, samples were digested using a microwave digestion system, which also reduces risk of contamination (Vermeier et al., 1989) . Using the HGAAS technique for selenium determination, the accuracy of analysis depends on the e$ciency of the selenium conversion to Se (IV) (Cobo Fernandez et al., 1993) ; accordingly, digestion was performed with nitric acid in a thermostatic bath followed by hot treatment with hydrochloric acid.
MATERIALS AND METHODS

Samples
Thirty-nine types of seafood (24 saltwater, 1 freshwater, the perch, and 14 shell"sh), representative of what is commonly consumed in this region, were purchased from a wholesaler in Modena (Italy) selling "sh of various provenance. Three samples of each type were bought at di!erent times. Only the edible parts of the "sh were analyzed; in the case of the large "sh (samples 1}11) only the "llets were used; in that of the medium-sized "sh (samples 12}22), the heads, skin, viscera, scales and tail were removed; the small "sh (samples 23, 24) were analyzed whole; the shell"sh had their shells removed.
The edible parts of the samples were homogenized, dried to constant weight and kept in polyethylene bottles at !183C.
PLESSI, BERTELLI, AND MONZANI
Mercury Determination
Three replicate portions (300 mg) of each sample were placed in closed digestion vessels with the addition of 5 mL concentrated nitric acid and 0.5 mL hydrogen peroxide and digested in a microwave oven (Milestone MLS 1200 Mega) following a "ve-step program: 250 W for 1 min; 0 W for 1 min; 250 W for 8 min; 400 W for 5 min; 650 W for 5 min.
After digestion, the samples were cooled and the digestion solutions were transferred into 10 mL volumetric #asks and diluted to volume with ultrapure water (Milli-Q plus 185 Reagent water system, Millipore Corp.).
A 3 mL portion of the digestion solutions was diluted with hydrochloric acid and placed in the generator vessel of a Perkin-Elmer Mod.3030 atomic absorption spectrometer, equipped with a Perkin-Elmer MHS-10 hydride generator. Fresh sodium tetrahydroborate solution, daily prepared by dissolving 6 g of NaBH and 2 g of NaOH in 200 mL of distilled water, was added and the resultant Hg3 was carried into the quartz cuvette by means of an argon stream. The measurement parameters were as follows: wavelength, 253.6 nm; slit width, 0.7 nm; lamp current, 7 mA. All determinations of mercury were carried out by the standard addition method.
Selenium Determination
Three replicate portions (300 mg) of each sample were placed in microkjeldahl #asks and mineralized by the addition of 4 mL concentrated nitric acid at 803C for 1 h in a thermostated bath. Three milliliters of 65% nitric acid were then added and heated until digestion was complete. The reduction of Se (VI) to Se (IV) was performed by adding 2 mL 37% hydrochloric acid and heating at 1003C for 10 min.
After cooling, the digested solutions were diluted with ultrapure water to 20 mL. A 1 mL aliquot was transferred to the reaction vessel, and 9 mL 1.5% hydrochloric acid was added. The selenium content was determined by hydride-generation atomic absorption spectroscopy (Perkin-Elmer Mod.3030 atomic absorption spectrometer, equipped with a Perkin-Elmer MHS-10 hydride generator) using the standard addition method. The measurement parameters were as follows: wavelength, 196.0 nm; slit width, 2 nm; lamp current, 15 mA. Hydride generation was carried out using a solution of 3% sodium tetrahydroborate in 1% NaOH.
Two di!erent standard reference materials for mercury and selenium (BCR-CRM no. 278 Mussel Tissue and BCR-CRM no. 422 Cod Muscle) were analyzed in order to evaluate the accuracy of the analytical methods.
The mercury and selenium contents in the seafood samples were compared statistically by One-way ANOVA.
RESULTS AND DISCUSSION
The calculated analytical detection limits, de"ned as three times the standard deviations of blanks, were 4.6 ng for mercury and 0.94 ng for selenium in the instrumental conditions used for the analysis, corresponding to 0.051 mg Hg/kg of dried sample and 0.06 mg Se/kg of dried sample in seafood.
Accuracy, tested by analyzing the standard reference materials, was found to be satisfactory (Table 1) . These results con"rm that the procedures are suitable for the determination of mercury and selenium in seafood. Table 2 shows the mercury and selenium mean concentrations and standard deviations in "sh, expressed as mg per kg of edible part (fresh weight). The mercury MERCURY AND SELENIUM IN SEAFOOD concentration varies from 0.057 mg/kg in sole to 0.579 mg/kg in sword"sh, the average being 0.143 mg/kg. All the values are within the EEC guidelines, the highest value (the only one higher than 0.5 mg/kg) being found in sword"sh, for which the limit for edible parts is 1.0 mg/kg. Compared with other reported mercury values in "sh consumed in Italy (Dossena and Palmieri, 1998; Baldini et al., 1994) , the levels found in this study are slightly lower.
The selenium concentrations vary from 0.073 mg/kg in perch, the only freshwater "sh, to 0.734 mg/kg in tuna, the average value being 0.307 mg/kg fresh weight; these values are consistent with other reported values for "sh consumed in England (MAFF, 1998), Belgium (Guns et al., 1992) and Spain (Diaz-Alarcon et al., 1994) . Table 3 shows out the mercury and selenium mean concentrations and standard deviations in di!erent varieties of shell"sh, expressed as mg per kg of edible parts (fresh weight). The mercury concentrations range from 0.023 mg/kg in moscardino to 0.150 mg/kg in Mediterranean shrimp, the average value for mercury being 0.063 mg/kg. The selenium concentration varies from 0.067 mg/kg in spiny lobster to 0.605mg/kg in mussels, the average value (0.328 mg/kg) being consistent with the reported values for "sh, whereas other studies report higher values for shell"sh, (MAFF, 1998; Guns et al., 1992) .
It can therefore be stated that the average concentrations of selenium, an essential element, in "sh and shell"sh are similar and that they are important to ensure the recommended daily amount. Mercury, which is due to water contamination, is present in greater concentrations in "sh, which accumulate it, rather than in shell"sh. However, mercury and selenium concentrations vary considerably from sample to sample, probably owing to environmental factors and also to certain characteristics of the species (size, alimentary habits, etc.).
The results obtained were analyzed by means of ANOVA, which showed a signi"-cant di!erence between the concentration of mercury in "sh and that in shell"sh (P(0.05), with higher values registered for "sh, but no di!erence in the selenium concentration. Regression analysis did not reveal any signi"cant correlation between mercury and selenium content. Tables 2 and 3 also show the molar ratio between mercury and selenium, where the di!erence between "sh and shell"sh was at a higher level of signi"cance (P(0.01); the average of molar ratios between mercury and selenium are 0.23 for "sh and 0.09 for shell"sh, the only samples with high values being sword"sh (0.81), gray"sh (0.80) and perch (0.75). A large excess of selenium in relation to mercury was found not only for shell"sh but also for "sh; this result is consistent with the results of a research recently published by Dietz et al. (2000) .
The favorable ratio between the elements increases the nutritional importance of seafood, and selenium is widely reported as being one of the major detoxifying agents for mercury and methylmercury (Stopford and Goldwater, 1975 
